INTRODUCTION
Rickettsia-like microorganisms (RMs), grouped in the genus Wolbachia (Philips, 1963) , are generally considered to be symbiotes o f arthropods and non-pathogenic for man and animals. They have been reported in ticks since a long time (Roshdy, 1961a) , and were found intracellularly in the different tissues o f argasid (Cowdry, 1925; Mudrow, 
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with B. burgdorferi, the primordial ovaries were concur rently infected with both microorganisms (Zhu et al., 1991 b -, 1991c). This paper describes the distribution and ultras tructure o f the RMs, as well as the morphology of the gonads of the examined molting immature ticks.
MATERIALS AND METHODS
Adult and nymphal I. ricinus were collected by flagging vegeta tion in a forest near Neuchâtel, Switzerland. Larvae and nymphs at week 20 after hatching or molting, descendants of a wild-collected female engorged on an uninfected New Zealand white rabbit (Graf, 1978) , were allowed to feed on an uninfected New Zealand white rabbit (Graf, 1978) . Wild-captured nymphs were allowed to engorge on an additional New Zealand white rabbit. The repleted ticks were held at 20-22° C and saturated humidity. The laboratoryobtained larvae and nymphs were dissected in phosphate buffered saline at day 13 (n = 8) and 21 (n = 5) after repletion, respecti vely. The wild-collected nymphs were dissected at day 15 (n = 8) and 21 (n = 4) after repletion. The larvae with their partial lateral body cut off and the nymphs halved longitudinally were fixed in freshly prepared Karnovsky's fixative (Karnovsky, 1965 ; Zhu et al., 1991a) , and were processed for transmission electron micros copy (Agbede et al., 1986; Zhu et al., 1991a Zhu et al., , 1991b Zhu et al., , 1991c . 
RESULTS

Morphology
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Ultrastructure of RM s in primordial ovaries of molting larvae and nymphs
A large number o f coccoid, or oval to spindle-shaped RMs are found intracellularly within the primordial ova ries o f all examined female molting larvae and nymphs (Figs. 1-2, 4, 6-8, 10-14) . The morphology of the RMs is identical in all ticks. They measure 0.3-0.4 µm in dia meter and 0.6-1.3 µm (Figs. 1-2, 4, 6-8, 10-14) , occasio nally up to about 2.5 µm in length (Fig. 13) . The cell o f the RMs is enclosed with two electron-dense membra nous layers: a highly rippled outer membranous cell wall and an inner plasma membrane (Figs. 4, 10-14) . They have a same thickness o f approximately 6-10 nm (Figs.  4, 10-14) . Both membranous layers are three-layered and o f typical unit membrane appearance (Figs. 10-12) . The inner plasma membrane encloses a cytoplasmic matrix interspersed with electron-lucent spaces or splotches (Figs.  4, 7, 10-14) . The ribosomes are the most prominent orga nelles (Figs. 4, 7, 10-14) . A reticulated cytoplasmic matrix is sometimes present (Figs. 4, 12, 15) . Transverse binary fissions o f the RMs are occasionally observed (Fig. 7) .
Generally, the dividing forms are seen simply to pull apart into « leaflets » structures (Wright and Barr, 1980) and do not form a septum o f cell wall material. However, in a degenerating dividing RM, a cell wall-like septum is observed (Fig. 7) . (Figs. 7, 15) . In a large lysosome-like multi-vesicular vacuole, the degenerating RMs have only one large electron-dense cytoplasmic area and many filamentary structures suspended in the wide electronlucent cytoplasmic area (Fig. 16) .
The RMs are enclosed, singly or in groups, within membrane-limited vacuoles (Figs. 6, 10-13) , within vacuo lated mitochondria (Fig. 14) , or within vacuoles with their wall consisting partially o f an elongated mitochondrion and partially o f a plasma membrane o f the host cells, which are tentatively named as mitochondrion-membrane-limited vacuoles and abbreviated as MMLVs in the present study (Figs. 4, 13, 14) . The RM-infected mitochondria and the mitochondria occupying part of the wall o f RM-infected MMLVs appear to be greatly deformed (Figs. 2, 4, 6, 8,  13-14) (Lews, 1977 (Lews, : 1979 , and sometimes they are not easy to be identified at first glance (Figs. 2, 4, 6, 8, 13-14) . The membrane-limited vacuoles enclosing the single RM are usually difficult to be recognized at low magnification, owing to their close association (Figs. 1-2, 6-8) . But when high magnification is used, these vacuoles are always dis tinguishable (Figs. 10-12) . Two kinds of electron-transparent vesicles are present in association with the RMs: the large and irregularly shaped vesicles (approximately 50-400 nm in diameter) are seen within the membrane-limited vacuoles of the molting nymphs at day 15 after repletion (Fig. 6); and the small and regularly rounded ones (approximately 20-50 nm in diameter), many of which are in contact with the rippled outer cell wall o f the RMs, are located mostly within vacuolated mitochondria (Fig. 14) or MMLVs (Fig. 4) in all female ticks. Electron-lucent to moderately dense fine tubules are sometimes found together with the small rounded vesicles in the infected mitochondria (Fig. 14) and MMLVs (Fig. 4) . They appear to be very long (a length o f no less than 0.67 µm is measured, Fig. 4) , undulate, and have an even width o f approximately 14-20 nm (Figs.   4, 14) . The contact of these fine tubules with the enclosing vacuolated mitochondria (Fig. 4) and the adhesion o f the regularly rounded small vesicles to these fine tubules (Fig.  14) are observed.
D istribution of RMs in prim ordial ovaries OF MOLTING LARVAE AND NYMPHS
Mainly the posterior part o f the gonads o f the immature ticks was examined for RMs. The RMs are very numerous and are present in every cell o f the primordial ovaries of the molting female larvae and nymphs (Figs. 1-2, 6-8 ).
In the ovarian primordia o f the molting larvae examined P lanche III. 
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at day 13 after repletion, the majority o f the RMs are single and only a small part of them are grouped (Figs. 1-2 ).
Most grouped bacteria are situated within the vacuolated mitochondria or within the MMLVs (Fig. 2) . Only one to about 10 RMs can be found in a section of a vacuo lated mitochondria, or o f a MMLV (Figs. 2, 4 ).
In the ovarian primordia o f the molting nymphs exa mined at day 15 after repletion, also only a small part o f the RMs are grouped, but most grouped forms are contained within large membrane-limited vacuoles (Fig. 6) .
These vacuoles are located in the peripheral region o f the ovarian primordia (Fig. 6) . They measure up to 2.5-3.2 µm in diameter and as many as about 40 RMs can be seen in a section o f such a vacuole. A few grouped RMs are enclosed within the vacuolated mitochondria (Fig. 14) or within the MMLVs (Fig. 6) . One to about 10 bacteria are present in a section o f the vacuolated mitochondria or MMLVs (Figs. 6, 14) .
In the ovarian primordia o f the molting nymphs exa mined at day 21 after repletion, the majority o f the RMs are grouped (Fig. 8) . 
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P lanche IV. The present investigation shows that the distribution of the RMs in the primordial ovaries o f molting larval 7. ricinus is similar to that described for the RMs ( Wolbachia persica) in larvae o f A. persicus (Roshdy, 1964a) , R. appendiculatus, R. sanguineus and B. annulatus (Mudrow, 1932) , and that the distribution o f the RMs in the primordial ovaries o f molting nymphs o f 7. ricinus at day 15 and 21 after repletion resembles that reported for the RMs in the first nymphs o f A. persicus (Roshdy, 1964a) and in the nymphs o f R. appendiculatus, R. sanguineus and B. annulatus (Mudrow, 1932) . That is to say, RMs are, singly or in groups, diffusely located in the cytoplasm of the primordial ovarian cells in the immature stages of all these ticks.
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The average lifetime o f mitochondria is short, the renewal o f the organelles may involve a process resembling the dupli cation o f bacteria by fission, and the cell division can reduce the number o f mitochondria in a filial cell (Geneser, 1986 ).
Our results show that, despite a rapid multiplication o f the ovarian cells in nymphs found during the period bet ween day 15 and 21 (see above; Till, 1961), the density o f mitochondria seems not to decrease (Figs. 1-2, 6, 8 ).
This implicates a rapid duplication o f mitochondria in the developing nymphal ovaries. In addition, we observed that in the ovarian primordia o f the female nymphs examined at day 15 after repletion, only a small part o f the RMs were contained within vacuolated mitochondria or MMLVs (Fig. 6) , while in the nymphs examined at day 21 after repletion, the majority o f the RMs were enclosed within MMLVs or within vacuolated mitochondria. Furthermore, the mitochondrion-associated groups o f the RMs are obviously larger in the nymphs examined at day 21 after repletion than those in the nymphs at day 15 after reple tion (Fig. 8, 13) . (Figs. 4, 13-14) suggest that these vesicles may derive from the blebbed outer cell wall o f the RMs. The fine tubules within the RM-infected mitochondria and MMVLs have a long, even, undulate appearance, and their diameter is obviously less than that o f the small rounded vesicles. Thus, it appears that they may not result from the rippled outer cell wall o f the RMs. On the other hand, we could not observed their real conjunction with the enclo sing mitochondria, though the contact o f the fine tubules with mitochondria has been found. In addition, the inner membrane projections o f mitochondria forming tubular « cristae » have only been found in some steroid hormone producing cells o f mammalians (Krstic, 1976) . Therefore, at present, the mitochondrion origin o f these long fine tubules can unlikely be suggested. Further investigation on the rickettsia-like microorganism-host cell interactions will provide clues to the formation and function o f these inte resting structures. 
